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wavefunctions, 355 
waves, 336, 338 
see also Interaction, Quantal 
approximations 
Coulomb-Born approximation, 
336-40, 342, 347, 351 
Il, 337, 339-42, 350, 361 
see also Quantal approxima- 
tions 
Coupling 
close 
approximation, 334-36, 
343, 348-51 
to excited states, 334 
intermediate, 348 
jj, 347 
LS, 340, 346-48 
resonant state, 334 
weak 
assumption of, 337 
cutoff, 341 
see also Quantal approxima- 
tions, Quantum theory 
Cowling's theorem, 6, 13 
CP 0329, 270, 274, 278, 281- 
82, 284, 288, 290 
CP 0808, 270, 274, 284, 
291 
CP 0834, 270, 274, 282, 
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285-86 
CP 0950, 270, 274-79, 282- 
83, 285 
CP 1133, 270, 274, 277-78, 
285 
CP 1919, 265, 271, 274, 276, 
282, 284-85 
see also Pulsars, Supernova 
remnants, Crab Nebula 
Crab Nebula, 140, 142-43, 
180, 203, 205-6, 265, 
281, 283, 290, 397 
see also NP 0532, Neutron 
stars, Pulsars, Supernova 
remnant 
Cross sections, 330, 332-34, 
340-46 
collision, 239, 244 
dipole, 361 
elastic, 334 
excitation, 334, 340, 342, 
346, 349 
table of, 350-51 
forbidden transitions, 330- 
31, 346, 361 
inelastic, 332, 334, 345 
ionization, 349, 351-52, 355, 
357, 360-64 
H , 362 
reduced, 351, 362-63 
see also Collisions, Excitation, 
Forbidden lines, Ionization, 
Transitions 
Cup of tea, 313 
Cyclonic convective cells, 8- 
10 
interaction with poloidal 
field, 10 
Cyclonic motions, 12-14, 17, 
19-20, 22, 24, 26, 27 
see also Convection 
Cygnus A, 409, 414, 421 
Cyg X-2, 142, 154-55, 157 
binary nature of, 154- 
55 


colors of, 154 

He II 4686 emission in, 154- 
55 

optical identification of, 
154 

optical spectrum of, 154- 
55 

position of, 154 

variable radial velocity of, 
154-55 

see also X rays 


D 


Data 
display, 118, 131 
handling systems 
for continuum, 134- 

35 

processing, 118 

real-time reduction device 
for, 117 
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see also Computer 
Debye-Huckel approximation, 
98 


see also Quantal approxima- 
tions 
Deceleration parameter, 
446 
Degenerate 
electron gas, 181, 188, 
194 
electron pressure, 440 
neutrinos, 175 
neutron gas, 182 
neutron pressure, 440 
see also Neutrino, Neutron, 
Neutron stars 


Density 
central, 437 
electron, 252, 257, 380, 
384, 404, 420 


fluctuations, 421, 434 
number 
of discrete sources, 
451 
Density- modulated map 
Departure coefficients, 233, 
237-40, 242-43, 253, 
259 
Detachment energies, 97 
Detailed balancing, 330 
Detector 
Ge-Hg, 223 
PbS, 212, 217, 227-28 
Dielectronic recombination, 
242-43, 255, 257 
see also Ionization, Recom- 
bination 
Diffusion 
molecular 
in Sun, 317, 319, 321 
in neutron stars, 195 
Digital circuits, 123 
Digitization 
of signal, 128-30 
one-bit, 128, 130 


two-bit, 130 
Dipole 
approximation, 341 
axis, 64 

cross section, 361 
field, 7-9, 12 
radiator 


classical, 291-92 
transition probability, 
359 
see also Magnetic field, Sun, 
Quantal approximation 
Discrete sources 
number density of, 
451 
Disk population, 376 
Dispersion, 266, 268, 281, 
284, 288 
Dispersion measure, 136 
of pulsars, 266-67, 270, 
279-81, 284, 286-87 
Dispersion relation, 19 
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Displays 
two-dimensional, 118 
see also Data handling 
Dissipation 
magnetic, 441 
Dissociation 
of Hy, 104, 107 
pressure, 96 
Distance 
estimates of Sco X-1, 149- 
52 
modulus of Hyades, 165 
Distances 
of pulsars, 280-82 
from redshifts, 410-11, 
413 
Doppler broadening, 231, 261, 
422 


see also Broadening 
D-type systems, 413, 433 
see also Galaxies, Galactic 
nuclei 
Dust 
in galaxies, 385, 391-92, 
394, 421, 423, 426-27, 
449 
see also Galactic nuclei, 
Galaxies 
Dwarf population, 373-74 
Dynamics of stars and gas 
in galactic nuclei, 381- 
87 
see also Galactic nuclei, 
Galaxies 
Dynamo 
action, 448-49 
Babcock's model of, 21- 
23 
equations of, 14, 18 
hydromagnetic, 6, 8, 10- 
11 
Leighton's model of, 24- 
27 
migratory solar, 15-27 
stationary, 13, 23, 27 
theory of 
formal, 6, 8, 10-11, 17- 
21 
two-stage, 13 
waves, 19-20 
phase velocity of, 19 
see also Magnetic field, 


Sun 
E 
Earth 
emission spectra of, 
228 


Eclipsing binaries, 162 
Eddington-Sweet circulation 
currents, 315-16 
Effective temperatures, 89, 
162, 165, 307 
of late-type stars, 89 
see also Temperature 
Eigenfunction, 332, 335 


Einstein-de Sitter law, 
445 
Ejection 
of galactic mass objects 
Arp's evidence for, 431- 
32 
of gas 
clouds, 441 
from galactic nuclei, 384- 
85, 387, 389, 391, 394 
see also Galactic nuclei, 
Galaxies 
Ekman pumping, 299, 313, | 
315 i 
Electrical conductivity 
in neutron stars, 204 | 
Electrojets, 78 | 
Electron 
capture | 
on nuclei, 181-82 i 
on protons, 203 
degene ~ate 
gas, 181, 188, 194 
pressure, 440 
density, 252, 257, 380, 384, 
404, 420 
donors, 96 
Fermi level, 181-82, 184, 
203 
impact 
excitation and ionization 
by, 329-64 
indistinguishability, 336, 
354 





| 
| 


-ion energy exchange, 50- 
51 

-proton-alpha particle plasma, 
54 


-proton plasma, 54-55 
relativistic, 417, 429 
scattering, 100, 336, 344, 
391, 422, 423 
temperature 
in stellar winds, 50, 52- 
53, 58-59 
see also Galactic nuclei, 
Neutron stars, Scattering, 
Temperature 
Elemental abundances, 90-92, 
109, 375-76 
differences 
between galactic nuclei and 
outer parts, 375, 377 
in late-type stars, 90-92, 
109 
see also Helium, Hydrogen, 
Metal/hydrogen ratio, and 
individual elements 


Element synthesis 


in galactic nuclei, 446- 
48 


Elliptical galaxies, 371, 373- 


14, 377-81, 383, 392, 
394, 413-17, 432, 435- 
36, 440, 446 

light distribution in, 

371 





see also Galactic nuclei, 
Galaxies 
Emission 
coefficient, 233 
in galaxies, 378 
frequency of, 378-79 
infrared night-sky, 226 
line 
in late-type stars, 92, 94, 
108 
in nucleus of NGC 4151, 
400-1 
line profiles, 421-22 
line spectra 
high excitation, 395, 
399 
measure, 236-37, 245, 249- 
50, 252, 257 
radio, 413, 416-17, 424 
nonthermal, 412, 432- 
33 
spectrum of Earth, 228 
stimulated, 233, 236, 238, 
243, 249, 251, 260 
see also Galactic nuclei, 
Galaxies, Helium, Hydro- 
gen, Recombination, Syn- 
chrotron radiation 
Energy 
density 
of background radiation, 
450 
of primary cosmic rays, 
452 
detachment, 97 
equipartition, 436, 438- 
39 
interaction, 336-37 
ionization, 97, 351 
reduced, 351 
kinetic, 430-31, 438-39 
lattice interaction, 
196 
positive total 
of clusters of galaxies, 
430-31 
potential, 430-31 
radiated 
total, 414 
transfer 
convective, 194 
radiative, 194 
see also Background radia- 
tion, Excitation, Ioniza- 
tion, Galactic nuclei 
Equation of state 
for late-type stars, 96- 
97 
for neutron stars, 180- 
89 
Equipartition, 424, 425, 428- 
29 


see also Energy 
Error beam 
removal of, 131 
Evolution 
of galactic nuclei, 437-39, 
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441, 444-45, 448 
thermonuclear, 440 
see also Galactic nuclei 
Exact-resonance approxima- 
tion, 348 
see also Quantal approxima- 
tions 
Exchange 
amplitude, 336 
between two electrons, 
352 
Coulomb approximation, 
349-50 
resonant charge reaction, 
56 
see also Quantal approxima- 
tions 
Excitation 
collisional 
rate of, 330-31 
cross sections, 334, 340, 
342, 346, 349 
for 1s-2s in He I, 339 
table of, 350-51 
by electron impact, 330- 
49 
from ground state, 343 
of hydrogen 
ls-2s, 334-35 
inelastic threshold of, 
343 
of interstellar molecules 
by background radiation, 
450 
radiative, 379 
two-step, 344 
see also Collisions, Cross 
sections, Forbidden 
lines, Helium, Hydrogen, 
Tonization 
Expanding arm, 389 
Expansion 
dynamical time scale of, 
413, 444 
in equatorial plane, 
383 
of galaxies, 445 
clusters of, 431 
speeds, 412, 415 
see also Galaxies 


F 


Fabry-Perot 
etalon, 213, 217 
interferometer, 127, 
215 
spectroscopy, 209 
see also Fourier spectros- 
copy, Spectrometer 
Faraday rotation, 266, 
276 
Feige 11, 173 
Feige 13, 173 
Feige 65, 173 
Feige 86, 173 
Fermi gas, 179 
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of neutrons, 188 
Fermi level 
electron, 181-82, 184, 
203 
neutron, 182, 184, 203 
proton, 184, 203 
Fermi sea, 196, 198-99 
see also Degenerate, Neutron, 
Neutron stars 
Ferromagnetism 
in neutron stars, 199, 204- 
5 
Filamentary structure, 397 
Filaments in M82, 391 
Filter 
matched-bandpass, 
130 
optimum linear 
for pulsar detection, 135- 
36 
see also Pulsars 
Filtering 
of low-frequency components, 
134 


Finesse, 213 
Flares 
of Sco X-1, 144-45, 153 
simultaneous optical and 
X ray, 153 
solar, 2 
Flare stars, 92-93 
UV Ceti-type, 93 
Flash stars, 93 
Forbidden lines, 244, 
422 
in auroras, 72 
excitation of, 344, 346 
Forbidden transitions, 346, 
361 
cross sections of, 330, 
331 
induced 
in late-type stars, 98 
within ground configuration, 
348-49 
see also Galactic nuclei, 
Galaxies, H II regions, 
NU, OU, Seyfert galaxies 
Formation 
of galaxies, 430, 433- 
35 
see also Galaxies, Star 
formation 
Form 
classification of galaxies by, 
417-19 
compact galaxies, 418- 
19 
Morgan's method, 417 
Sersic and Pastorzia, 417- 
18 
Vorontsov-Velyaminov, 
418 
see also Classification, 
spectral type, Galaxies 
Form of galaxies 
correlation with spectral 
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type, 372-73 
Fourier algorithm 
fast, 136 
Fourier inversion, 214 
sampling theorem, 
130 
Fourier spectroscopy, 209- 
29 
accuracy requirements of, 
217-19 
advantages of, 211-17 
from aircraft, balloons, and 
satellites, 226-28 
computational difficulties of, 
224-25 
consequences 
for astronomy, 215- 
17 
difficulties of, 217-25 
encircling the earth, 
228 
errors 
intensity, 218-19 
path difference, 217 
experimental results of, 
225-28 
size and weight reductions 
in, 214-15 
see also Fourier spectrum, 
Interferometer, Spectro- 
meter 
Fourier spectrum, 210 
of Venus, 220 
see also individual objects 
Fourier transform, 127, 131, 
135, 210-11, 224 
Fragmentation, 443 
Free-bound absorption by 
quasi-H2, 100, 
Free-free absorption, 98- 
99 
transitions 
in H, 236 
in He, 236 
Friction 
dynamical, 55 
Friedman universe, 444 


G 


Galactic nuclei, 434-46 
as delayed cores, 444- 
45 
dynamics of stars and gas 
in, 381-87 


ejection 
of gas from, 384-85, 387, 
389, 391, 394 


of objects of galactic mass, 
431-32 
element synthesis in, 446- 
48 
evolution of, 437-39, 441, 
444-45, 448 
flux variations of, 370 
limits on size from, 
370 
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highly active, 390-407 
M82, 390-92 
M87, 392-94 
mass of, 382-83, 395, 398- 
99, 402 
mass distribution in, 370, 
395 
mass of ionized gas in, 380, 
384, 387 
nonthermal energy sources 
in, 370, 372, 379, 387- 
88, 392, 394, 396, 399 
optical size of, 369, 381, 
383-84, 386, 393-94, 396, 
402-3 
rotation of, 381-83, 385 
small-scale structure in, 
370 
as sources of 
dust, 449 
particles and radiation in 
the Universe, 448-53 
theory of, 434-46 
ultraviolet radiation from, 
433-34 
see also Cores, Ejection, 


Clouds, Gas, H II regions, 


Rotation, Synchrotron 
radiation 
Galactic structure, 268 
Galactic winds, 41-44 
equations of motion for, 
41 
see also Stellar wind 


Galaxies 
ages of, 413, 431, 
436 
chains of, 431 


classification of 
according to color, 419- 
20 
according to form, 417- 
19 
clusters of, 410, 431 
compact galaxies, 402-3, 
406, 418-19 
correlation of form 
with spectral type, 372- 
73 
elliptical, 371, 373-74, 377- 
81, 383, 392, 394, 413- 
17, 432, 435-36, 440, 
446 
expansion of, 445 
infrared luminosities 
table of, 453 
irregular, 372, 376, 378, 
380-81 
line spectrum of, 396-99, 
402-3, 405-7, 410-11, 
413, 415, 419-23 
N-type, 404, 406-7, 410-11, 
413, 415, 417, 419-20, 
422-24 
radio, 412-17, 439-40, 442, 
445, 449-52 
rotation of, 435 


Satellites of, 432-33 

Shapley-Ames, 377, 
395 

spiral, 371-74, 376-81, 385, 
397, 410, 416-18, 433, 
435-36 

see also Classification of 
galaxies, Clusters of 
galaxies, Compact galax- 
ies, Elliptical galaxies, 
N-type galaxies, Rotation, 
Seyfert, Spiral galaxies, 


Galactic structure, individ- 


ual objects 
Galaxy, 416, 423, 426, 436, 
445-48 
continuum observations of, 
387-89 
large-scale structure of, 
244, 260-63 
nucleus of, 369, 373, 382, 
387-90 
see also Galactic nuciei, 
H Il regions, Pulsars 
Gamma radiation, 389, 426, 
452 
Gas 
clouds, 442 
ejection of, 441 
hot, 424, 430 
to dust ratio, 426 
hot, 438, 445 
intergalactic, 451-52 
ionized, in galactic nuclei, 
378-80, 383-84, 387 
cloud in nucleus, 370 
in nuclei, 446 
motion of 
in nuclear region, 382 
neutral 
in galactic nuclei, 380- 
81 
see also Clouds, Galactic 
nuclei, H II regions 
Gaunt factor, 237, 240 
Gaussian fitting, 134 
Geomagnetic pole, 6 
Geomagnetism 
relation of auroras to, 66- 
71 
see also Magnetic fields, 
Auroras 
Globular clusters, 373-74, 
433, 435 
He abundance in 
sensitivity of horizontal 
branch to, 167 
variation of, 168 
see also Helium, Horizontal 
branch, individual clusters 
Goldreich-Schubert- Fricke 
instability, 315-17 
Graphite, 449 
in M stars, 94 
Graph plotter, 118 
Gravitation 
general relativistic theory 





of, 297-98 
scalar-tensor theory of, 
297-99 
see also Brans-Dicke 
Gravitational 
distortion, 304 
field, 436, 441-42 
potential, 308, 314 
quadrupole moment of Sun, 
297-99, 307-12, 319, 
326 
radiation 
mass loss implied by, 
390 
from neutron stars, 180, 
202 
redshift 
in neutron stars, 194, 
206 
waves, 202, 436, 439, 442, 
445, 449 
excitation of, 315 
see also Neutron stars, 
Rotation, Sun 
GX 3+ 1, 140-41, 155-56 


H 


H I clouds, 237-38, 240 
absorption by, 238 
emission by, 237 

HI regions, 233, 240, 257- 

60, 263, 427 
HII regions, 169-70, 231, 

233, 235-38, 244, 246- 
47, 251-53, 255-57, 259- 
63, 280-81, 372, 384-85, 
387, 417, 420 

galactic distribution of, 
262 

internal structure of, 244, 
260-61 

kinematics of, 260-63 

in M31, 171 

physical properties of, 
244 

temperature fluctuations in, 
244 

as tracers of spiral arms, 
261 

see also Balmer emission, 
Gas, Hydrogen, Helium, 
Recombination 

Halo, 437, 447 
B stars, 172-73, 176 
population, 436 
radio emission, 393 

Hamiltonian, 355 

Hayashi phase, 320 

He I 
- 43889, absorption features 

in, 401 
emission from auroras, 
72 
singlet-triplet ratio, 173 
He II emission in Cyg X 2, 
1 
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He III abundance in BH I 
regions, 237 
Heavy element enrichment, 
447 
Heliometer, 303-4 
Helium 
autoionized states of, 
340 
cosmological significance of, 
161 
excitation cross sections of, 
339 
gravitational diffusion of, 
176 
to hydrogen ratio, 161, 168- 
72, 176, 244, 253, 256, 
447 
production site 
fireball, 175 
supermassive objects as, 
175-76 
recombination lines, 231, 
253-56 
variable line strength, 
172 
Helium abundance, 446-47 
cosmic, 161-76 
in cosmic rays, 176 
solar, 166 
in Crab Nebula, 169 
extragalactic determinations 
of, 170-71 
in galactic clusters, 167 
in globular clusters, 167- 
68 
in interstellar medium, 
244 
in moving groups, 165, 
176 
in novae, 169 
in Orion Nebula, 255 
in planetary nebulae, 168- 
69 
from Population I stars, 
171-72 
primeval, 174-76 
in quasistellar sources, 
171 
in Seyfert galaxies, 171 
from stellar photospheres, 
171-74 
from Sun, 165-67 
Hercules cluster, 431 
High-resolution spectra 
of planets, 226-27 
of Sun, 226 
High-velocity clouds, 389, 
422 


Horizontal branch, 167- 
68 
sensitivity to He abundance, 
167 
stars, 167-68, 173-74, 
380 
HP 0904, 271, 274, 282 
HP 1506, 270, 275 
Hubble 
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classification, 372 
constant, 369 
law, 372 
Hyades 
rotation in, 301, 319-20, 
322 
standard sequence, 163- 
64 
Hyades-Pleiades mass-lumi- 
nosity law, 164-65 
Hydra A, 409, 415 
Hydrogen 
emission 
in auroras, 72 
Balmer, 421-23 
Balmer decrement, 171, 
421 
Ha, 378-79, 385-86, 398, 
404, 408, 415, 420 
in M stars, 93 
excitation of 1s-2s in, 334- 
35 
exhaustion, 162, 167 
ionization of, 354 
ionization zone 
in late-type stars, 104, 
107 
to metal ratio, 375, 404 
neutral 
mass of, 389 
21-cm line of, 380-81, 
389 
Paschen lines, 421 
photoionization of, 164 
recombination lines of, 231, 
244-54 
see also H I, H II regions, 
Excitation, Ionization, 
Recombination 
Hydrogen, molecular 
dissociation of, 104, 
107 
dissociation zone 
in late-type stars, 107 
pressure-induced opacity 
of, 101, 105 
quadrupole lines of, 101 
see also Molecules 
Hydromagnetic equation, 4, 
11 
Hydrostatic equilibrium 
general relativistic equation 
of, 187, 193 
in late-type stars, 96, 


107 
Hyperfine splitting 
in He¥, 170 


Hyperons, 184-86, 189-90, 
200, 203 

=~ 184, 186, 190, 200 

=* 184, 186 

A 184, 186 

ZS 184, 186 

“A 184, 186 


I 
IC 1569, 170 
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IC 3481, 431 
IC 5532, 408 
Imaging devices 
photoelectric, 116 
Impact parameter, 331, 341- 
42 
method, 350, 352 
for permitted transitions, 
341-42 
see also Quantal approxima- 
tions 
Information 
processing 
general principles of, 
117-22 
online devices, 122-24, 
131 
systems, 115-36 
storage devices, 117 
see also Data handling 
Infrared 
emission, 424, 426-27, 429, 
433 
night-sky, 226 
luminosites 
of galaxies, 453 
observations, 388 
photometry of Sco X-1, 147, 
150 
radiation, 396, 403, 
406 
from galactic nuclei, 
371 
sources, 423, 428 
spectrum of 
Moon, 223 
pulsars, 282-83 
solar corona, 228 
Venus, 216-20, 223-24, 
227 
see also Fourier spectros- 
copy, Galactic nuclei 
Instability 
6B Cepheid, 162 
dynamical, 442 
strip, 168 
dependence on He content, 
168 
Instrumental lineshape, 210, 
218 
Integrated light, 411 
Interaction 
configuration , 340, 348 
Coulomb long-range, 
338 
electron-electron, 336- 
37 
energy, 336-37 
neutron-baryon, 181, 184 
nuclear potential, 185 
p-state, 199 
star-star, 436-39 
see also Collisions 
Interferogram, 210, 218-19, 
221-22, 224 
Interferometer 
Fabry-Perot, 127, 215 
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fast-scanning, 222, 225, 
227 
Fourier, 211, 212, 214 
intercontinental, 370 
interpolation of unevenly 
spaced data, 135 
lamellar grating, 226 
Michelson, 127, 213, 225- 
27 
Pepsios, 217 
polarization, 225 
radio, 131 
large-field aperture syn- 
thesis, 131 
SISAM, 217 
three-element, 132-33 
two-beam, 210 
see also Fourier spectros- 
copy 
Intergalactic 
magnetic field, 414 
medium, 414 
Interiors 
stellar 
He abundance from, 161- 
64 
International Brightness Co- 
efficient, 77 
Internal modulation, 222 
Interpulse, 275, 283, 294 
see also Pulsars 
Interstellar 
absorption, 391 
excitation of CN, CH, CH* 
by background radiation, 
450 
gas, 374 
helium abundances, 169-70, 
244 
plasma, 279, 281, 286- 
87 


irregularities of, 286- 
87 
mean density of, 281 
scintillation, 276, 285- 
88 
X ray absorption, 150-51 
see also Clouds, Gas, H I, 
H Il regions, Dispersion, 
Pulsars 
Inverse predissociation 
of AIH, 108 
Ionization, 343 
of atomic hydrogen, 354 
classical theories of, 351- 
53 
modified, 352-53 
collisional, 239, 342, 
421 
cross sections, 349, 351- 
52, 355, 357, 362-63 
empirical formulas for, 
362-64 
for H (1s), 353 


for H~, 362 
table of, 360- 
61 


by electron impact, 349- 
64 


energies, 97, 351 
reduced, 351 
via excitation and autoioniza- 
tion, 357-62 
limit, 358, 362 
bound states above, 
358 
of negative ions, 362 
nocturnal, 80 
pressure, 96 
source of, 421-22 
threshold law, 355-56 
see also Collisions, Cross 
section, Autoionization 
Tonized gas 
in galactic nuclei, 370, 378- 
80, 382-84, 387 
line emission from, 393- 
94 
see also Clouds, Gas, H II 
regions 
Ionosphere 
terrestrial, 55-56, 78 
ions in, 56 
O* ions in, 56 
polarization electric field 
in, 56 
Iron abundance 
in Sun, 166 
Irregular galaxies, 372, 376, 
378, 380-81 
see also Galactic nuclei, 
individual galaxies 
Isoaurores, 66 
Isochasms, 63-66, 69 
Isodensitometer, 116 
Isoelectronic sequence, 340, 
345, 359 
Isometric projection of 3-D 
graph, 118, 120-21 
Isotopes 
C in late-type stars, 91- 


? 
He”, 170, 172 
in 3 Cen A, 172 
Mg in late-type stars, 
91 


see also Elemental abundances, 


individual elements 


J 


Jacobi ellipsoid, 


205 


Jets 


associated with nuclei of 
galaxies, 419, 432 


K 
K648, 168 


Kelvin-Helmholtz instability, 
314 


Kinematic distance, 


261 


. 


L 


Large Magellanic Cloud, 
155, 157 
Lattice interaction energy, 
196 
Least-squares 
analysis, 125 
nonlinear 
fitting, 135 
Leptons, 184 
Level populations 
of C, 240-44 
of H and He, 238-40 
see also Departure coeffici- 
ents 
Light distribution, 435 
in ellipticals, 371 
Light-to-mass ratio, 370 
Limb darkening 
in late-type stars, 94 
in Sun, 306-8 
Line emission 
from ionized gas, 393- 
94 
see also H II regions 
Line intensity, 234-36, 239, 
246, 259 
theory of, 233-38 
Line radiation 
from the nucleus of the 
Galaxy, 389-90 
Line spectrum 
of galaxies, 396-99, 402-3, 
405-7, 410-11, 413, 415, 
419, 420-23 
see also Galactic nuclei, 
Galaxies 
Lithium 
abundance of, 299, 301, 302, 
317, 324-26, 446 
im late-type stars, 91- 
92 
burning, 324-26 
depletion of 
in solar-type stars, 302, 
317, 319, 323-27 
diffusion of, 323 
Lofer, 204 
Log N-log S relation, 446 
Lorentz forces, 11 
LTE, 233, 235-38, 244, 246, 
249-51, 257-59 
departures from, 92, 108, 
240, 242, 244-45, 248, 
255 
see also non-LTE 
Luminosity 
effective temperature plane, 
162, 165 
subdwarfs in, 162-64 
function, 374, 447 
radio, 450 
infrared 
of galaxies, 453 
intrinsic, 411 
of late-type stars, 89 
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optical, 411, 415, 419, 421, 
424, 439-40 

profile, 382, 417 

radio, 412, 415, 424, 
429 

see also Galaxies 


M3, 168, 173-74 
M8, 169 
M13, 173-74 
M15, 167-68, 173 
M17, 169-70, 245-47, 253, 
255 
M31, 171, 371, 373-74, 381- 
83, 416, 434, 437, 446 
M32, 371, 383, 437 
M33, 170, 383 
M42, 252, 260 
M43, 252, 260 
M51, 379, 384, 432 
M67, 167 
M81, 373-74, 384, 416 
M82, 171, 390-92, 408, 424- 
25, 453 
M87, 155, 157, 392-94, 413, 
424-25, 428, 432-33, 443, 
451-52 
M92, 167-68, 173 
M101, 371 
Mach number, 31, 33, 35, 
37-38, 40, 42, 44-46 
MacLaurin ellipsoid, 205 
Magnetic braking, 303 
see also Solar wind, Stellar 
wind 
Magnetic buoyancy, 21, 26, 
28, 303 
Magnetic field, 370, 388-89, 
392, 398, 424, 427-30, 
441, 448-49 
decay time of, 200 
intergalactic, 414 
in late-type stars, 92 
migratory, 20, 26 
in neutron stars, 204-5, 
290-92 
poloidal, 316 
production of 
from fluid motions, 13 
solar, 299-300, 308-10, 
312, 315-16, 326 
bipolar regions of, 21, 23- 
27 


diffusivity of, 21 
dipole, decay time of, 
12 


dynamo theory of, 6, 8, 
10-11, 17-21 

generation of poloidal from 
toroidal, 12 

irregular, 2, 5 

origin of, 1-28 

polar, 2, 4, 20-23 

—. 12-13, 15, 18-24, 
7 
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production of, 1 
reversals of, 2, 11 
strength, 2 
toroidal, 2, 4, 12-13, 15, 
18-26 
variability of, 2 
vector potential of, 12, 
14 
in solar wind, 298 
trapping in, 318 
in stellar winds, 58 
surface, 310-12 
terrestrial 
dipole, 7-9 
generation of, 6, 8 
geomagnetic pole of, 
63 


inhomogeneities in, 8 
maintenance of, 9 
poloidal, 8, 10-11 
secular variation of, 
66 
toroidal, 8, 10, 16 
transient changes of, 
66 
torque, 302 
trapping of internal, 302, 
323 
see also Dynamo, Neutron 
stars, Solar wind, Stellar 
wind, Sun 
Magnetic pressure, 318 
Magnetic storms, 69, 73, 76- 
717 
Magnetograph, 122 
Magnetosphere, 79, 81- 
83 
cavity, 82 
electric ring current in, 79, 
82 
substorms in, 73, 82 
tail of, 74 
trapping of particles by 
in solar wind, 82-83 


Magnitude 
absolute, 419, 421 
Markarian objects, 405, 420 
Mass 
of ellipticals, 435 
of galactic nuclei, 382-83, 
395, 398-99, 402 
of ionized gas 
in galactic nuclei, 380, 
384, 387 
late-type stars, 90 
Mass distribution, 437 
in galactic nuclei, 370, 
395 
Mass energy, 448 
Mass-to-light ratio, 382, 383, 
440 
Mass loss, 167, 189, 205, 
401, 422-23, 436 
rate, 401 
Mass-luminosity plane, 162, 
165 
B stars in, 162 
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Mass-luminosity relation 
for Hyades-Pleiades, 164- 
65 
for late-type stars, 90 
Mass number 
of nuclei, 181-82 
Mass segregation, 436, 
438 
Matrix 
reactance, 333, 338, 
348 
scattering, 333 
transmission, 333, 338 
Maxwellian velocity distribu- 
tion, 330 
Measuring engines, 116, 
125 
Meissner effect, 199 
Meridian circles, 124 
Metal-to-hydrogen ratio, 
404, 426-27, 446-47 
see also Hydrogen 
Metric 
fluctuations in, 444 
Mg isotopes 
in late-type stars, 91 
Microdensitometer, 116 
Micropulsations 
geomagnetic, 73 
Microturbulence 
in late-type stars, 102, 
107 
see also Turbulence 
Microwave background radia- 
tion, 175-76, 434, 446, 
449-52 
see also Background radia- 
tion, Blackbody 
Mixing, 436-37 
in solar core, 316 
Mixing-length theory, 103 
Model atmospheres 
for late-type stars, 87- 
110 
construction of, 103-4 
density inversion in, 104- 
5 
theoretical, 95-109 
T -Trelation in, 105 
validity checks on assump- 
tions of, 107-9 
see also Molecules, Opacity 
Molecular bands 
in auroras 
Kaplan-Meinel, of O2, 
72 
nitrogen, 72 
in late-type stars 
Co, 88 
CaH, 88 
CH, 88, 109 
CN, 88 
Co, 88 
, 101, 104-5, 107 
20, 101, 105-6, 108- 


9 
LaO, 88 
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MgH, 88 
SiCy, 88 
TiO, 87-88 
VO, 88 
ZrO, 88, 91 
rotation-vibration, 101 
Sanford, 88 
Swan, 88 
in Venus 
CO,, 220, 224, 226 
see also Hydrogen 
Molecular diffusion, 317, 
319, 321 
Molecules 
photodissociation of, 
100 
photoionization of, 100 
see also Dissociation, Ioni- 
zation 
Moment of inertia 
of Sun, 302 
Morgan class f, fg, 372 
Morphology, 407, 413, 
418 
see also Classification, 
Form, Galaxies 
Moving groups, 164-65 
helium abundance in, 165, 
176 
Hyades-Pleiades, 176 
mass-luminosity law for, 
164-65 
Sun-Sirius, 164-65, 176 
MSH 03-31, 408 
MSH 05-43, 404, 409 
MSH 12 + 04A, B and C, 
409 
MSH 13-42, 408 
MSH 23-112, 409 
Multiplexing 
ability, 211-12, 215-16 
factor, 211 
see also Fourier spectros- 
copy, Interferometers 
Muon, 184-85 
negative 
threshold, 184, 186 


N 


Na ID lines 
in galaxies, 374 
National Geographic Society- 
Palomar Observatory 
Sky Survey, 126 
Navier-Stokes equations, 32- 
33, 46 
N-body problem, 437 
Neutrino 
-antineutrino pairs, 200- 
1 


degeneracy, 175 
emission from 
bremsstrahlung process, 
200 
plasma process, 200 
URCA process, 200 


flux 
from the Sun, 165-66, 
168 
Neutron 
degenerate 
gas, 182 
pressure, 440 
drip line, 181 
Fermi level, 182, 184, 
203 
free, 182 
number density of 
in neutron stars, 182, , 
184 
-proton-electron fluid, 
198 
proton ratio 
in neutron stars, 181 
see also Degeneracy, Fermi, 
Neutron stars 
Neutron star, 179-206, 289- 
91, 370, 440, 442-43 
atmosphere, 193-96 
composition of, 195 
cosmic-ray generation by, ' 
195-96 
effect of magnetic field on, 
195 
composition of, 179, 
184 
cooling of, 180, 200-1 
by electromagnetic radia- 
tion, 200 
by neutrino-antineutrino 
pairs, 200-1 
by synchrotron radiation, 
201 
crust of, 190, 196 
crystalline, solid, 196 
density variation in, ’ 
197 
lattice array in, 196 
melting temperature of, 
196 
seismic activity in, 198 
volcanic activity in, 198 
damping of vibrations in 
by gravitational waves, 
202 
by rotation, 203 
by URCA process, 
203 
density distribution ) 
in interior of, 189, 191- 
92 
diffusion in, 195 f 
electrical conductivity in, 
204 | 
electrodynamics | 
of spinning, 291 | 
equation of state for, 180- 
89 
ferromagnetism in, 199, 
204-5 
gravitational binding energy 
of, 188, 194, 206 
gravitational radiation 


ae 


from, 180, 202 
magnetic fields in, 204-5, 
290-92 
ohmic dissipation of, 
204 
matter density in, 182 
maxium stable mass of, 
189 
models, 186-94 
neutron-proton ratio, 
181 
number density of neutrons 
in, 182, 184 
radial electric field of, 
193 
radius of, 190 
rotation of, 197, 203, 205- 
6 
rapid, of core, 206 
slowing down of, 205- 


6 
stable, 188-89 
superfluid core of, 198-200, 
294 
superfluidity of, 198-200, 
206 
surface gravitational red- 
shift of, 194, 206 
surface temperature of, 
195, 201 
vibrations of, 180, 201- 
4 
axial motion, 204 
fundamental period of, 
202 
nonradial, 202 
torsional, 203-4 
see also Degeneracy, Neu- 
trino, Neutron, Gravita- 
tional waves, Magnetic 
fields, Rotation 
Neutron threshold, 192-93 
N galaxies, 404, 406-7, 410- 
11, 413, 415, 417, 419- 
20, 422-24 
classification of, 406 
spectroscopic properties of, 
404 


see also Galactic nuclei, 

Galaxies, and individual 
galaxies 

NGC galaxies, 155-56, 167, 
168, 169, 170, 171, 173, 
231, 237, 245-47, 254- 
55, 257-59, 261, 371, 
372, 373-74, 375, 378, 
380, 383, 384, 385, 386, 
394, 395-98, 399-402, 
406, 408, 412, 416, 417, 


420-24, 425-28, 429, 431, 


432, 436, 446, 453 
Night-sky emission 
infrared, 226 
NML Cyg, 94 
NML tau, 94 
Noise 
acoustic, 318 
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equivalent power, 212 
receiver, 219 
source, 219 
see also Signal-to-noise 
Noncircular motions, 381-82, 
384-86, 391 
see also Galactic nuclei, 
Galaxies, Rotation 
Non-LTE, 233, 236-37, 241, 
245-46, 248-49, 251, 257- 
58 
see also LTE, departures 
from 
Nonthermal radiation, 407, 
410-11, 415-17, 422-24, 
426, 430, 432-33, 439, 
443, 445, 449, 451 
see also Bremsstrahlung, 
Emission, Synchrotron 
Nonthermal radio background, 
449-50 
see also Background radia- 
tion 
Novae 
helium abundance in, 
169 
NP 0527, 270, 274 
NP 0532, 143, 265, 270, 273- 
74, 276-77, 281-84, 286, 
288-91, 293-94 
see also Crab Nebula, NGC 
1952, Pulsars, Tau X-1 
Nuclear 
breakup, 192-93 
forces, 184 
potential, 181, 183-84, 
189 
-shell effects, 181 
Nuclear (galactic) activity, 
390, 392, 412, 414-17, 
430, 433, 452 
Nucleation, 97 
Nuclei of galaxies, 369-453 
blue, 377 
hot-spot, 417 
peculiar 
surveys of, 417-20 
red, 377 
Seyfert, 395-406 
visibility of, 371 
see also Galactic nuclei 
Nucleosynthesis, 446-49 
in a massive object, 
447 
Nyquist frequency, 129-30 


oO 


Objective prism, 419 
Oblateness of Sun, 299, 303- 
7, 319, 326 
diagonal component of, 305- 
6 


excess, 312 
measurement of, 299-300, 
303-6 
telescope for, 300, 304-5 
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value of, 307 
see also Sun, Rotation 
Ochkur approximation, 336, 
350, 357 
see also Quantal approxima- 
tions 
OH lines, 390 
Opacity, 194 
bound-free 
due to metals, 162- 
63 
continuous, 98-100 
H , 96, 98, 106 
neutrino, 439 
pressure-induced 
of Hy, 101, 105 
due to solid particles, 
102 
sources in late-type stars, 
97-103 
see also Bound-free, Free- 
free, Helium, Hydrogen 
Optical depth, 234-39, 259, 
311 
Optical galaxy, 412-13, 415 
Optical identification 
of radio galaxies, 413, 
416 
table of, 408-10 
see also Galactic nuclei, 
Galaxies 
Optical size of galactic nuclei 
see Galactic nuclei 
Orion A, 170, 232, 238, 244, 
246, 252, 260 
Orion Nebula, 169, 225 
Oscillator strength, 246, 340, 
342, 347, 353 
Outbursts 
of galactic nuclei, 413- 
15 
frequency of, 413, 415 
harmonic mean life for, 
414 
see also Galactic nuclei 
O/C ratio 
in late-type stars, 90, 106, 
109 
O/H ratio 
in M15, 168 
Oxygen 
forbidden-line emission, 
373, 378-79, 382, 384, 
392-93, 396-97, 402, 404, 
408, 415, 420 
see also Forbidden lines 


P 


Parabolic cylinder function, 
48 
Partial-wave analysis, 333- 
34, 337, 340 
see also Quantal approxima- 
tions 
Particle 
-anti-particle pair 
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creation, 449 
auroral, 79, 81-82 
ejection of, 414-15 
high energy, 439, 452- 
53 

production of aurora by 
charged, 73, 79-81 

relativistic, 370, 389, 392- 
93, 414, 430, 441, 443, 
445, 452 

spectra, 428 

see also Electron, Neutron, 
Proton, Auroras 

Partition function, 96-97 

Paschen lines, 421 
see also Hydrogen 

Péclet number, 47 

Peculiar Galaxies 
Atlas of, 432 

Perihelion of Mercury 
excess motion of, 297-99, 

326 

Periods 
of pulsars, 268-73 
changes in, 270-72 
see also Pulsars 

Perseus cluster, 371, 397, 

432 

Phase 
corrections, 209 
3p 
shifts, 199 

Photodissociation 
of molecules, 100 

Photoelectric observations, 

116, 122-23 

Photoionization, 421 
of molecules, 100 
of neutral hydrogen, 

164 
see also Ionization 

Photometer 
iris, 116 

Photometry 
photoelectric, 24 
multichannel, 124 
of subdwarfs, 163 

Photospheres 
stellar 
to get He abundance, 171- 

74 
see also Helium 
PKS sources, 171, 403, 404, 
408, 409, 410 
Plage emission, 2, 3 
see also Sun 

Planck function, 233-34 

Planetary nebula, 399 

Plasma 

electron-proton, 54-55 

electron-proton-alpha parti- 
cle, 54 

frequency, 266 

interstellar, 279, 281, 286- 
87 

waves, 424 

see also Interstellar gas, 
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Medium, H II regions 
Plate 
automatic 
scanner, 126 
parameters, 125 
photographic, 116-17, 125- 
26 


resolution elements in, 
116 
subtraction technique, 
116 
Pleiades 
rotation in, 301-2, 319-20, 
322 
Polar-cap absorption, 76 
Polarizability, 334-35 
Polarization, 276-78, 292, 
392, 396-98, 402 
circular, 277-78, 294 
elliptical, 276, 292 
of fine structure 
in pulsars, 278-79 
in late-type stars, 94- 
95 


variability of, 94 
wavelength dependence of, 
94 
linear, 276-78, 292, 423 
optical, 391 
position angle of 
wavelength dependence of, 
94 


potential, 335, 346 
see also Pulsars 
Polar wind, 55-58 
density of, 57 
velocity of, 57 
see also Stellar winds 
Poloidal fields, 8, 10-13, 15, 
18-19, 21-24, 27, 316 
see also Magnetic fields 
Population 
amorphous, 373 
disk, 376 
dwarf, 373-74 
halo, 436 
Population I, 93, 162, 171-72, 
423, 426 
Population II, 164, 172-74, 
447 
Positive ions, 338-40 
Potential 
centrifugal, 309 
Coulomb, 337 
direct, 333 
effective, 335 
exchange, 333 
gravitational, 308, 314 
polarization, 335, 346 
Power spectrum, 127-28 
of pulsars, 285-86 
see also Pulsars 
Prandtl number, 48 
Pressure 
broadening, 101, 261 
see also Broadening 
dengenerate electron, 440 











degenerate neutron, 440 
dissociation, 96 
ionization, 96 
see also Degeneracy, Disso- 

ciation, Ionization 

Primeval explosion 
anisotropy in, 175 

Primeval fireball, 175, 434, 

451 

Prominences, 2-3 
see also Sun 

Proper motion | 
of Sco X-1, 152 4 
survey machine, 126-27 

Protogalaxy, 436 

Proton 
Fermi level, 184, 203 
superfluid, 199, 206 
threshold, 183, 186, 192- 

93 

Protosun, 302-3 

PSR 0833, 272-78, 281-82, 
285, 289, 294 

PSR 1749, 271, 274, 277 | 

PSR 1749-28, 271, 281 i 

PSR 2045, 270 

Pulsars, 143, 195, 197, 201, 

204-5, 265-94, 444 
clock mechanism of, 
289 
as pulsation of neutron 
stars, 290 | 
as rotation of neutron stars, 
289-90 
discovery of, 265 
disperion measure of, 266- 
67, 270, 279, 281, 284, 
286-87 
histogram of, 279-80 | 
distance estimates of, 280- : 
82 
from dispersion measure, 
281 
from 21-cm absorption, 
281 
dynamic spectrum of, 266- 
67, 283-84, 287 
energy considerations of, 
288-91 
rotation, 289-90 
galactic distribution of, 
268-69 

giant, 443 

high-latitude, 268 

irregular intensity fluctua- 

tions, 283-86 
long-term, 285 
narrowband, 284 
time scales of, 283 
wideband, 284 

oblique rotator model for, 

290-93 

observations of, 266- 

88 

periods of, 268-73 

catalogue of, 270-71 

histogram of, 269 















sudden changes in, 273, 
294 
variations in, 272-73 
period changes of 
mean rate of, 270- 
72 
periodic intensity variations, 
285-86 
physical nature of source 
of, 288-89 
brightness temperature of, 
288 
dimensions of, 288 
energy requirements of, 
288 
lifetime of, 288 
space density of, 288 
polarization 
of fine structure in, 278- 
79 
polarization angle 
changes in, 276, 
293 
power spectra of, 285-86 
pulse 
dispersion, 279-80 
duration, 273-74, 288 
emission, theories for, 
291-93 
envelope, 274-76 
individual fine structure, 
278-79, 285-86, 288 
mean envelope, 273- 
76 
mean shape, 273-75 
shape, 272-73 
shape dependence on wave- 
length, 275-76 
smearing, 267 
trains, 284-85 
width, 276 
radiation mechanisms for, 
291-94 
as rotating neutron stars, 
180 
search techniques, 135-36, 
266-68 
spectra of, 282-83 
infrared, 282-83 
optical, 282-83 


radio, 282 
X ray, 282-83 
spectra index of, 284 
subpulses 
structure of, 278, 
286 


time shifts of, 279, 285- 
86 
swept-frequency nature of 
radiation, 266, 284 
theory of, 288-94 
see also Dispersion, Dis- 
persion measure, Neutron 
stars, Magnetic fields, 
Polarization, X Rays 
Pulsation 
class II, 279, 285 
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stellar, 168 
irregular, 93 
semiregular, 93 


Q 


quality factor, 219, 222 


see Quasistellar objects 
Quadrupole lines 
of Hy, 101 
Quantal approximations, 336- 
41, 356-57 
Bethe, 340-41, 347 
Born, 335-37, 341, 343, 
350 
Born (a), 356, 360 
Born (b), 356-57, 360- 
61 
Born II, 337, 341-42, 361 
Born-exchange, 357, 360- 
61 
Born-Oppenheimer, 356-57, 
360 
Born, unitarized, 337- 
38 


others, 357 
Quantum-defect extrapolation, 
348-49 
Quantum theory, 353-56 
asymptotic charges, 353- 
54 


atomic eigenfunction expan- 
sion, 332-33 
close-coupling approximation, 
334-36, 343, 348-51 
direct and exchange ampli- 
tudes, 354 
partial-wave analysis, 333- 
34, 337, 340 
Quasars 
see Quastistellar objects 
Quasistellar objects, 348, 
386, 399, 407-12, 419- 
20, 422-25, 428, 432, 
439-40, 442-45 
dead, 441 
ejection of, 432 
helium abundance in, 
171 


R 


Racah coefficient, 347 
Radial velocity 
of Arcturus, 226 
contours, 260 
of Cyg X-2, 154-55 
of Sco X-1, 145 
Radii 
of late-type stars, 90 
Radio emission, 413, 416- 
17, 424 
nonthermal, 412, 432- 
33 
see also Synchrotron 


radiation 
Radio flux 
table of, 408-10 
Radio galaxies, 394, 412-17, 
439-40, 442, 445, 449- 
52 
see also Galactic nuclei, 
Galaxies, Radio sources 
Radioheliograph 
image-forming, 123 
Radiometer, 134 
Radio sources, 396-97, 402- 
3, 406-7, 410, 413-16, 
432, 446 
see also Radio galaxies 
Random motions, 381, 
384 
Rankine-Hugoniot relations, 
38 
Ratio recording, 221 
Rayleigh-Jeans approximation, 
234, 450 
Rayleigh scattering, 94, 100, 
164 
by H, Hg, 100 
by He, C, N, 100 
Receivers 
array, 116 
continuum, 134 
filter, 130 
multichannel, 116, 130- 
31 
spectral line, 116 
Recombination 
dielectronic, 242-43, 255, 
257 
overpopulation by, 257 
electronic, 239 
radiative, 234, 243 
three-body, 239 
see also Ionization 
Recombination line(s) 
anomalous, 231, 240, 244, 
254-60 
carbon, 231, 242-43, 257, 
259 
helium, 231, 253-56 
hydrogen, 231, 244-54 
in Orion Nebula, 244-45, 
247-52, 255-59, 261 
radiofrequency, 169, 231- 
63 


Reddening, 421 
towards nucleus, 377- 
78 
Redshift 
apparent magnitude relation, 
378, 411 
cosmological, 369, 411, 
419 
gravitational, 442-43 
in neutron stars, 194, 206 
intrinsic, 442 
Redshifts, 395, 398, 402-7, 
410-13, 419, 422, 441-43, 
445 
table of, 408-10 
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Regression 
of node on solar equator, 
297, 299 
Relativity 
effects of, 188, 206, 412, 
441-42 
Relaxation, 436, 440, 
448 
encounterless, 436 
times, 436-38, 441 
violent, 436-37 
Relaxed systems, 435 
Resolving power, 213-14 
of Fabry-Perot etalon, 
213 
of grating spectrometer, 
213 
see also Fourier spectros- 
copy 
Resonance 
fluorescence, 423 
influence 
on inelastic scattering, 
343-46, 348-49 
Reynolds criterion, 314 
Reynolds number, 14, 47- 
48 
Richardson criterion, 314 
Riometer, 80 
Rotating core 
solar, rapidly, 297-99, 
303, 326-27 
evolution of, 319-23 
see also Oblateness of Sun, 
Rotation 
Rotating disk, 441, 443 
Rotation 
curves, 381-82, 386, .395, 
398 
differential 
of Sun, 302, 314, 316, 
319 
of galactic nucleus, 381-83, 
385 
galaxies, 381, 435 
in Hyades, 301, 319-20, 
322 
internal 
of Sun, 297-327 
of late-type stars, 93 
of neutron star, 197, 203, 
205-6 
nonuniform 
of core of Earth, 7 
in Pleiades, 301-2, 319-20, 
322 
of Sun, 4, 11, 13, 16-17, 
19, 21-22, 24, 26 
surface, 301, 309, 319, 322- 
23, 326-27 
see also Galactic nuclei, 
Neutron stars, Oblateness, 
Pulsars 
r process, 448 


8 
8-18, 173 
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8 5003, 155-56 
Saha-Boltzmann equation, 
233 
Sampling, 209, 214 
see also Data handling, 
Information processing 
Sanford bands 
of SiCo, 82 
Satellites 
of galaxies, 432-33 
Scalar-tensor theory 
of gravitation, 297-99 
see also Brans-Dicke 
Scattering 
amplitudes, 354-55 
Compton, 194-95, 370, 392, 
424-25, 427-28 
continuous 
sources, 100 
elastic, 334, 344 
by alkali atoms, 334 
resonances in, 334, 
340 
electron, 100, 336, 344, 
391, 422-23 
inelastic, 336, 343-46 
influence of resonances on, 
343-46 
multiple, 337 
resonance line, 423 
-single, 337 
Schroedinger equation, 332, 
338 


Schwarzschild radius, 188, 
206, 440, 442, 444 
Scintillation 
interstellar, 276, 285- 
88 


techniques, 370 
Sco-Cen association, 150, 
152 
Sco X-1, 142-57 
color-magnitude locus of, 
149 
distance estimates, 149- 
52 
flares of, 144-45, 153 
free-free self-absorption in, 
153 
old nova, 152 
optical identification of, 
143-44 
optical spectrum of, 144- 
45 
periodicities 
in light variation of, 
147 
photometric properties of, 
145-47 
proper motions of, 152 
radial velocity of, 145 
radio emission from, 149- 
50 
simultaneous optical and 
X-ray observations of, 
152-54 
ultraviolet observations 


of, 149-50 
variability of, 145-48, 
152 
of emission lines, 144 
see also X rays 
Screening 
of nuclei, 196 
Seeing anisotropy, 304 
Seismic activity 
in neutron stars, 198 
Seyfert nuclei, 391, 407, 410- 
12, 415-24, 436, 441 
physical conditions in, 420- 
30 


see also Galactic nuclei, 
Galaxies 
Seyfert's Sextet, 431 
Shapley-Ames galaxies, 377, 
395 
Shear 
meridional, 310 
radial, 310 
transverse, 310 
Shock transitions 
in stellar winds, 36, 38-42, 
45 
Shock waves 
in stellar winds, 47-49 
Signal averaging, 222 
Signal-to-noise gain 
from multiplexing 
in infrared, 212 
= and near infrared, 
1 
Signal-to-noise ratio, 128, 
130, 134-35, 209, 212, 
215-18, 222, 226-27 
SiO, particles 
in M stars, 94 
Single-particle energy states 
gap in spectrum of, 198-99, 
201 
Sky noise, 223-24 
angular correlation of, 
223 
SN 1572, 155 
Solar activity, 2, 307, 323 
Solar limb 
position of, 308-9 
temperature of, 309 
width of, 304 
Solar wind, 3 
braking, 301-2, 315-16, 
320 


heat addition, 43-46 

magnetic field in, 298 

multifluid models of, 50- 
55 

observations of, 31 

reviews of, 31 

structure of, 299, 317, 
326 

torque, 298, 302, 317-24, 
326 


see also Stellar winds, 


Magnetic field 
Solid-angle gain, 213 
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Space velocities 
of late-type stars, 92- 
93 
Specific intensity, 234 
Spectral classification 
of C, M, and§ stars, 87- 
88 


of galaxies, 372 
see also Classification of 
galaxies 
Spectral index, 387, 416, 421, 
429 
of pulsars, 284 
Spectral type 
of late-type stars 
C, N, R, 88-90, 92 
M, 87, 89, 92 
8, 88-89, 92 
Spectral type, integrated 
of galaxies, 372, 375, 383- 
84 


Spectrometer 
autocorrelation-function, 
127-28, 130-31 
Fourier, 127 
for infrared, 136 
grating, 213, 216-17 
champions, 223 
resolving power, 213 
spectrum of Venus, 
220 
scanning monochromator, 
128 


source of noise 
in infrared, 127 
see also Fourier spectros- 


copy 
Spectroscopic character, 
408-10, 413, 418 
Spectroscopy 
Fabry-Perot, 209 
see also Fourier spectros- 


copy 
Spectrum 
of Alpha Orionis, 227- 
28 
auroral, 71-73 
of Cyg X-2, 154 
dynamic 
of pulsars, 266-67, 283- 
84, 287 
emission 
of Earth, 228 


high resolution, 226-27 
infrared of 
Corona, 228 
Moon, 223 
Venus, 216-20, 223-24, 
227 
integrated, 372, 375, 
423 


nonthermal, 441 

of pulsars, 266-67, 282-84, 
287 

radio, 416 

reconstructed, 210 

of Sco X-1, 144-45 
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Spindown 
currents, 315 
of Sun, 312-17 
Spiral arms, 376, 378, 416, 
420, 432 
H Il regions as tracers of, 
261 
Spiral galaxies, 371-74, 376- 
81, 385, 397, 410, 416- 
18, 433, 435-36 
see also Galaxies 
S process, 448 
elements in late-type stars, 
91-92 
Star cluster 
relativistic, 439, 441- 
44 
Star formation, 375 
rate of, 447-48 
Stark broadening, 261 
Starquake, 197, 205-6, 
294 
see also Neutron stars 
Stars 
Ap, 172 
Ba Il, 91-92 
carbon, 88, 90-92, 94, 99, 
172 
CH, high-velcoity, 88, 
91 


XCygni type, 108 
degenerate 
mass of, 187 
dMe, 92-93 
helium, 172 
high-luminosity, 420 
in nucleus, 370, 376, 378, 
386 
horizontal-branch, 167-68, 
173-74 
long-period, 92 
low-mass, 376-77 
magnetic A, 303 
in moving groups, 164-65, 
176 
neutron, 179-206, 289-91, 
370, 440, 442-43 
RCBr, 172 
relativistic, 442 
RR Lyrae 
sensitivity of luminosity 
to He abundance, 167 
variable, 93 
very late-type, 87-110 
see also Neutron stars 
Statistical equilibrium, 238- 
39, 242 
nuclear, 188 
Steady-state cosmology, 435, 
445, 451 
galactic nuclei in 
formation of, 445 
inhomogeneous 
theory, 445 
universe, 441, 451 
see also Cosmology, 
Universe 
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Stellar distribution, 437 
Stellar nucleus, 371, 391, 
395, 403, 406-7 
see also Galactic nuclei 
Stellar population, 371-78, 
384, 436, 446 
intermediate, 372 
synthesis of 
of galaxies, 373-76 
see also Population 
Stellar winds, 31-59, 291 
accretion solutions, 38- 
40 
boundary conditions for, 
37-41 
braking, 298, 319-20 
electron temperature in, 
50, 52-53, 58-59 
expansion 
into interstellar medium, 
35, 38 
flow 
away from comet, 37 
with heat addition, 38, 43- 
46 
changes of temperature in, 
45 


equations of motion for, 
44 


with heat conduction, 38, 
46-52, 58 
equations of motion for, 
46 
ionization fronts in, 40 
D-type, 41 
ion temperature of, 50, 52- 
53 
magnetic field 
nonradial, 58 
multicomponent flow, 32, 
50 
radial flow of 
with positive energy, 34- 
35 
with zero or negative energy, 
recombination fronts, 
40 
shock transitions in, 38-39, 
41 
shock waves in, 47-49 
subsonic flow in, 36-40, 42, 
45 
supersonic flow in, 36-40, 
42, 45, 52 
transitions 
between subsonic and super- 
sonic flow in, 36, 40, 42, 
45 
viscosity, effect of, 46- 
50 


equations of motion for, 
46 
see also Magnetic field, 
Solar wind 
Stephan's quintet, 431 
Stepping drive, 218, 222 
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Stimulated emission, 233, 
236, 238, 243, 249, 251, 
260 

Stoke's parameters, 133 

Strémgren sphere, 40, 

253 
Subdwarfs 
photometry of, 163 
Subsonic flow, 36-40, 42, 
45 
see also Stellar winds 
Sun 
angular velocity change in, 
315 
density stratification of, 
315 
dependence of brightness on 
latitude, 306-9, 312, 
326 
differential rotation of, 302, 
314, 316, 319 
equation of state for, 166 
extrapolated limb of, 
306 
gravitational quadrupole 
moment of, 297-99, 307- 
12, 319, 326 
heavy metal content of, 
166 
helium abundance, 165, 
166 
from prominences, 167 
instabilites in interior, 312- 
17 
internal rotation of, 299- 
327 
iron abunance of, 166 
limb darkening of, 306- 
8 
mixing 
in core of, 316 
moment of inertia of, 302 
oblateness of, 299, 303-7, 
319, 326 
orientation of axis of 
changes in, 305 
rapidly rotating core of, 
297-99, 303, 319-23, 
326-27 
spindown of, 312-17 
temperature gradient of, 
314 
velocity fields in, 299-300, 
308-10, 312, 326 
see also Core, Corona, 
Dynamo, Magnetic field, 
Oblateness of Sun, Rota- 
tion, Solar wind, Sunspots 

Sun-Sirius group, 164-65, 
176 

Sunspots, 2, 21, 309 

cycle, 27, 71, 303 
fields, 17, 309 

forward tilt of, 27 
latitude of 

variation of, 22 
relation to aurora, 66-71 
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Superadiabatic zone 
in late-type stars, 103- 
5 
Superconductivity, 199 
Superfluid 
protons, 199, 206 
rotation 
effect of, 200 
Superfluidity 
anisotropic, 199 
in neutron stars, 198-200, 
206 
Supergranulation, 25 
Supergranules, 3, 5, 16, 20, 
27 
eddy diffusivity of, 
25 


Supernovae, 179, 200-1, 439, 
448, 452 
Supernova remnants, 155, 
281, 289, 416-17, 429, 
451-52 
Supersonic flow, 36-40, 42, 
45, 52 
see also Stellar winds 
Superstar, 440 
Swan bands, 88 
Synchrotron radiation, 140, 
201, 292-94, 370, 388- 
89, 391-92, 396, 424, 
426-29, 441, 444 
coherent, 370, 388 
electron, 424, 426, 
430 
incoherent, 370, 424 
proton, 424 
Synchrotron self-absorption, 
388, 398 
Synchrotron sources 
total energy of optical 
table of, 425-26, 
428 


7 


Tape recording 
magnetic, 117, 123 
Tau X-1, 140, 142-43 
see also Crab Nebula, 
Pulsars 
Technetium 
in late-type stars, 91 
Telescope 
filled-aperture, 132 
one-mile, 131-33 
solar oblateness, 300, 304- 
5 
Temperature 
antenna, 253, 258 
brightness, 238, 253, 
258 
of background radio emis- 
sion, 450 
of pulsars, 288 
coronal maximum, 55 
discrepancy 
between optical and radio 


data, 244 
effective 
of late-type stars, 89 
-luminosity plane, 162, 
165 
of photosphere, 307 
electron, 244, 246-47, 249- 
52, 258, 379, 420 
of aurora, 80 
in stellar winds, 50, 52- 
53, 58-59 
excess 
at equator of Sun, 311 
fluctuations 
in H II regions, 244 
gradient, 194 
of Sun, 314 
of H I cloud, 237 
ion 
in stellar winds, 50, 52- 
53 
line, 237-38, 241 
melting 
of neutron-star crusts, 
196 
stratification 
in late-type stars, 
106 
surface 
of neutron stars, 195, 
201 
see also Auroras, Galactic 
nuclei, Neutron stars, 
Pulsars, Sun, Stellar 
winds 
Thermal absorption, 395 
Thermal radiation, 411, 422- 
23 
Thermodynamic derivatives, 
97 
Thermonuclear processes, 
415 
Thermopile, 223 
Thomson scattering, 100, 194- 
95 
Threshold 
inelastic, 343 
ionization, 355-56 
linear 
law, 352, 355, 357 
negative muon, 184, 186 
neutron, 192-93 
proton, 183, 186, 192- 
93 
Throughput factor (luminosity), 
212-13, 215-16 
see also Fourier spectros- 
copy 
Ton 1542, 171 
Toroidal field, 2, 4, 8, 10, 
12-13, 15-16, 18-26, 303, 
316 
see also Magnetic field 
Torsional oscillation, 303 
Transfer 
equation of, 95 
for gaseous nebulae, 234 
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Transitions 
allowed, 339, 341 
collisional 
by electron impact, 
239 
collisionally induced, 
330 
between fine-structure 
levels, 346-48 
forbidden, 98, 346, 348-49, 
361 
free-free, 236, 340 
impact-parameter method 
for allowed, 341-42 
intercombinational, 337, 
339 
probability dipole, 359 
quadrupole, 342 
rate, 233, 235, 239 
spontaneous, 239 
see also Forbidden lines 
Transonic region, 48 
Turbulence, 314-16, 318, 
320, 325, 422-23, 440 
modulation of intensity, 
221 
of beamshape, 221 
of position, 221 
thermally driven, 313, 319- 
20, 323 
see also Microturbulence 
Tycho's supernova, 155 


U 


UBV colors, 419 
Ultraviolet 
excess, 419, 433-34 
radiation 
from galactic nuclei, 433- 
34 
Universe 
big-bang, 449 
evolving, 434 
formation of nuclei in, 
436-44 
expansion of, 378 
Friedman, 444 
mass of 
observable, 445 
steady-state, 444, 451 
see also Cosmology, Steady 
state 
URCA process, 200, 203 


Vv 


Van Allen belts, 79 
Variability 
of galactic nuclei, 402, 407, 
410, 412, 423-24, 426, 
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428-30 

of late-type stars, 93- 
94 

of pulsars, 285-86 

of Sco X-1, 145-48, 
152 

Variable stars 
eruptive, 93 
GW Aurigae type, 


Mira type, 94 
T Tauri type, 93 
see also Flare stars, Flash 
stars, Pulsating stars 
Vela X, 197, 205, 206, 265, 
281 


Velocity dispersion, 373, 375, 


383, 435, 438 
elliptical, 382 
isotropic, 382 
Velocity field, 383-84, 389, 
391, 397 
in Sun, 299-300, 308-10, 
321, 326 
Venus 
COg bands in, 220, 224, 
226 
Fourier spectrum of, 
220 
infrared spectra of, 216-20 
223-24, 227 
Vibrations 
of neutron stars, 180, 201- 
4 


see also Neutron stars, 
Pulsation 
Virgo cluster, 370-71, 374, 
377, 380, 393, 431-32, 
437, 440 
Viscosity 
in stellar winds, 46- 
50 
turbulent, 314, 316 
Viscous forces, 313 
Visual observations 
of double stars, 115 
Volcanic activity 
in neutron stars, 198 
von Zeipel's theorem, 307- 
9 
Vq potential, 184-85 
Vy potential, 185, 187, 
200 
VV 144, 405, 418 
VV 150, 406, 428 
VV 159, 431 
VV 172, 431 


Ww 
W3, 247 
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w43, 170 
W511, 247 
Wavefunctions, 331-33, 336, 


343, 348, 354-57, 359 
Coulomb, 355 
distorted-wave approxima- 

tion, 336, 348 
perturbing electron, 

332 


Wavenumber measurements 


accuracy of, 214 


Whistlers, 80 
White dwarfs, 187-88, 196, 


202, 289-90, 370, 440, 
442 

maximum mass of, 188- 
89 

vibrational stability of, 
188 


Wiener-Khintchine theorem, 


127 


Wilson-Bappu effect, 165 


x 


X ray (s), 426, 433 


auroral events, 73, 78- 
79 
background radiation, 433, 
449, 451-52 
flares in Sco X-1, 
153 
positions 
accuracy of, 139-40 
pulsar spectra, 196, 282- 
83 
pulses, 143 
X-ray sources, 179, 202-3, 
392-93 
angular size of, 142- 
43 


lunar occultation of, 140, 
142 
optical identification of, 
139-42 
criteria for, 139 
optical observations 
of extrasolar, 139- 
58 
thermal bremsstrahlung in, 
140, 147, 149-51, 153 
see also Cyg X-2, Sco X-1, 
Tau X-1 


Zz 


Zirconium abundance 
in late-type stars, 
91 
Zwicky objects, 402-3, 405- 
6, 418-91 
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